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INTRODUCTION Although evidence within the mapped area is insufficient to establish times Sand and gravel in the Rio Fajardo valley alluvium probably are suitable SLOPE STABILITY
Field work in the Fajardo and Cayo Icacos quadrangles, northeastern of intrusion, dikes south of Cabo San Juan clearly were emplaced following when washed and(or) screened for all purposes for which sand and gravel Slope angle and depth of tropical rock weathering are the chief controls of
Puerto Rico, was conducted during 1966 and 1967, although data from folding. The relations of the dikes to the time of faulting, however, is less commonly are used. Terrace deposits along the same valley also constitute a mass movement. Weathering is deepest chiefly at elevations higher than
earlier studies by Briggs and others was also utilized. Aguilar is chiefly certain; some faults apparently offset dikes whereas other dikes apparently resource, but they contain more clay owing to weathering of some constituent 300 m.
- » oy ATLANTIC o oo e responsible for the geology of the west-central and northwestern Fajardo occupy fault zones or cut faults of moderately large displacement. materials. Lower reaches of smaller streams draining the mountainous area in Rapid large landslides, i.e., debris avalanches and earth slumps, are rare,
o 1 . e quadrangle; the remainder of the Fajardo quadrangle was chiefly Briggs’ Emplacement of most plutons in northeastem Puerto Rico apparently was the western part of the Fajardo quadrangle also are potential sand and gravel except where excavations have oversteepened naturally steep slopes. On
| | gd | sis | e |8 [ | b S B < responsibility; and both authors collaborated on work in the Cayo Icacos along existing fault zones (Seiders, 1971c). resources. Their upper reaches contain boulder gravel that is probably too both steep natural slopes and artificial cuts large residual boulders in a clay
| (b v | o e 1, Naul] ] e | e [0S quadrangle. Data gathered in the vicinity of Sardinera by R. F. Barlow Jr., but Cretaceous rocks in much of the Fajardo and Cayo Icacos quadrangles coarse to be of economic interest. matrix are considerably more prone to movement than saprolite free of
R at N o | atof] Vi | ste Kste] ] ke not previously published, was used in map preparation. D. G. Jordan assisted have suffered only slight metamorphism, evidenced chie-ﬂy by the minor Although alluvium and terrace deposits are widespread in and around the boulders. Saprolite commonly exhibits a better than expected stability on
ég . o ﬂ\:_r\ ‘ =1 j| in mapping the islands in the Cayo lcacos quadrangle. de.velopment of chlorit_ot. _ln the southwestern part of the Fajardo quadu.u"lgle, town of Fajardo, they are probably not suitable as sand and gravel sources, steep to vertical cut slopes. Cycles of wetting and drying reduce cohesion,
10000y | 88 e | 72— \ ] ’_’:‘ = — = TERMINOLOGY thin strata have been silicified, and coarse-grained units are widely chloritized. as they contain blocky clasts of siltstone and large quantities of clay. leading to ultimate failure in steep cuts in clay.

B S £ 25 O Lithologic terms and particle-size classification used herein largely are those Pyrite ranges from a minor to a common secondary mineral. Veins and Calcium carbonate beach sand has been used as fine concrete aggregate

T ; : irregular blebs of epidote are common in much of the outcrop area of the i : : !

in customary use as adopted by Briggs (1969, p. 2-6, fig. 3) chiefly from Fisher . — v g but it is not well suited to this purpose, as constituent grains tend to shear and

0 1w o s s muomeres (1960, 1961), Rittman (1962), and Carlisle (1963) Figuera Lava; the intensity of epidotization increases southward. The more h i65a R e
I T ’ : . " intense metamorphism in the southwest probably is related to intrusion of the crush readily. Beach sand requires washing to remove salt
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Base from U.S. Geological Survey, 1:20,000
Fajardo, 1962; Cayo Icacos, 1958.
Polyconic projection. Puerto Rico datum, 1940 adjustment
2000-meter grid based on Puerto Rico coordinate system
Mapped, edited, and published by the Geological Survey
Control by USGS and USC&GS
Topography by photogrammetric methods from aerial
photographs taken 1941 and planetable surveys
Field checked 1942. Revised 1962.
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DESCRIPTION OF MAP UNITS

ARTIFICIAL FILL (HOLOCENE)—Chiefly sand, clay, and coral fragments
near or on coast; elsewhere composed of earth and rock rubble.
Thickness ranges from 2 to about 12 m

FLOODPLAIN ALLUVIUM (HOLOCENE)—Chiefly unconsolidated, poorly
sorted to moderately well sorted, commonly thick-bedded sand, gravel,
and clay. In narrow stream valleys in and near mountainous areas
composed of boulders as large as 3 m across and subordinate sand and
pebbles. Forms piedmont plains in the valley of the Rio Fajardo near
south edge of the Fajardo quadrangle. As much as 35 m thick

BEACH DEPOSITS (HOLOCENE )}—Undivided, coarse- to fine-grained,
moderately well to well-sorted sand, locally containing volcanic
pebbles. Composed chiefly of calcium carbonate. South of Las
Croabas composed of volcanic-rock fragments ranging from
boulders to sand in size, or calcium carbonate sand, or a mixture of
these. Thickness ranges from 2 to 6 m

BEACH ROCK (HOLOCENE)—Mainly calcium carbonate sand cemented
by calcium carbonate. Sand grains are volcanic-rock fragments on west
side of Cabo San Juan. Thickness ranges from 1 to 3 m

BEACH DEPOSITS OF VOLCANIC-ROCK FRAGMENTS (HOLO-
CENE)—Moderately well to well-sorted, medium- and fine-grained sand
composed chiefly of volcanic-rock-fragments; prominent calcium
carbonate grains common. Thickness ranges from 1 to 3 m

BEACH DEPOSITS OF CALCIUM CARBONATE SAND (HOLO-
CENE)—Coarse- to medium-grained, commonly well-sorted sand
composed of fragments of coral, coralline algae, and shells of marine
animals. On the east coast of Isla de Ramos, chiefly very coarse sand
composed of coralline algae. Thickness ranges from 2 to 8 m

CONTOUR INTERVAL 10 METERS
DASHED LINES REPRESENT 5-METER CONTOURS
DATUM IS MEAN SEA LEVEL
DEPTH CURVES IN METERS—DATUM IS MEAN LOW WATER

BEACH DEPOSITS OF PEBBLES AND COBBLES (HOLO-
CENE)—Moderately well to poorly sorted pebble and cobble deposits
and subordinate sand. Pebbles and cobbles composed chiefly of volcanic
rocks and coral. Thickness ranges from 2 to 4 m

SWAMP DEPOSITS (HOLOCENE)—Chiefly clay and silt having a high
content of organic material, commonly water saturated, containing some
sand grains. Thickness ranges from 2 to about 5 m

MANGROVE SWAMP DEPOSITS (HOLOCENE)—Chiefly sandy lime mud
containing organic material. Includes silt and clay where adjacent to
alluvium or weathered bedrock. Saturated with brackish or salt water.
Characteristically with Rhizophora mangle. Thickness about 2 m

EPHEMERAL-LAGOON DEPOSITS (HOLOCENE)—Chiefly lime mud,
windblown calcium carbonate sand, and crystalline salt. Occurs only on
Cayo Icacos

REEFS (HOLOCENE)—Chiefly composed of coral and coralline algae, over-
lain by sand near shore; largely submarine at most tide stages.

TERRACE DEPOSITS (HOLOCENE AND PLEISTOCENE)—Poorly to
moderately well sorted sand, gravel, and clay; chiefly at margins of stream
and river valleys at higher levels than reached by modem floods. Locally,
coarse components of higher terraces have weathered to clay. Thickness
ranges from 2 to about 10 m

EOLIANITE (HOLOCENE? AND PLEISTOCENE)—Thin- to thick-bedded,
locally crossbedded, well-sorted medium- to coarse-grained coralline
sandstone cemented by calcium carbonate. Occurs as longitudinal dunes
on Cayo Icacos, Cayo Lobos, and other islands of La Cordillera.
Probably more than 10 m thick

ANDESITE DIKES (TERTIARY AND CRETACEOUS)—Chiefly porphyritic
rocks characterized by sparse to abundant plagioclase phenocrysts (3-6
mm long) in a finely crystalline groundmass; locally quartz or pyroxene
phenocrysts predominant; locally present as sills paralleling stratification.
Thickness ranges from 10 to 160 m, mean about 80 m

3 KILOMETERS

HORNBLENDE-PYROXENE DIORITE DIKES AND SILLS (TERTIARY
AND CRETACEOUS)—Finely to coarsely crystalline, commonly
porphyritic homblende and pyroxene diorite, locally gabbro. Ranges to
coarsely crystalline diabase

QUARTZ DIORITE (TERTIARY AND CRETACEOUS)—Chiefly composed
of quartz, homblende, and feldspar, commonly containing conspicuous
finely crystalline pyrite

HATO PUERCO FORMATION (SANTONIAN TO CENOMANIAN)

Lava—Finely crystalline andesitic(?) lava, small and sparse phenocrysts of
plagioclase, and rare pyroxene. Present only at Cabezas de San Juan and
on Isla Palminos. Pillowed near the base in the Cabezas de San Juan
area, and platy in the upper part of the sequence. Platy to massive in
outcrops in Isla Palominos. Thickness in excess of 150 m

Breccia—Chiefly massive volcaniclastic breccia; in the northwest outcrop
areas predominantly pumiceous breccia and subordinate thin- to
thick-bedded volcanic sandstone and calcareous mudstone. At Cabezas
de San Juan, composed of volcaniclastic breccia that grades upward into
massive tuff, tuffaceous breccia, and thin bedded tuffaceous sandstone.
On Isla Palominos, composed of coarse- to very coarse grained
volcaniclastic breccia overlying thick-bedded to massive tuff. Thickness
ranges from 360 to about 400 m

TABONUCO FORMATION (ALBIAN)

Calcareous tuff unit—Calcareous thin- to thick-bedded dark-gray to
bluish-black tuffaceous siltstone and sandstone interbedded with
subordinate calcareous mudstone and breccia. Breccia composed chiefly
of fragments of calcareous siltstone a few centimeters across in a
calcareous sandstone matrix. The basal part of the formation in the
Sardinera-Las Croabas area, southeast of Luquillo, and locally elsewhere
is a very coarse-grained breccia composed of blocks (as large as 15 m
across) of thin-bedded calcareous siltstone and sandstone in a matrix of
volcanic sandstone and tuff. In Mameyes Primero area, deeply
weathered tuff and fine-grained volcaniclastic breccia lenses are present
near the base of the formation. The top of the formation contains a few
lava flows. Thickness of the formation ranges from about 800 to 1,000 m
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Breccia—Fine- to coarse-grained, poorly sorted, volcaniclastic; contains some
rounded clasts; not mapped separately in major part of area

Lava—Pillowed andesitic lava having sparse small plagioclase phenocrysts.
Crops out only at Cabeza Chiquita

FAJARDO FORMATION (ALBIAN)

Upper thin-bedded tuffaceous siltstone and sandstone unit—Chiefly thin- to
medium-bedded (3-30 cm) bluish-gray to black cherty and
noncalcareous thin-bedded tuffaceous siltstone and sandstone; locally
thick-bedded coarse tuff beds. Some calcareous layers near top.
Distorted penecontemporaneous deformation common. Weathers to a
yellowish-brown blocky soil. Thickness ranges from 170 to 250 m

Upper thick-bedded tuff unit—Thick-bedded coarse, very dark to light-bluish
gray and dark-greenish-gray, olive-gray-weathering tuff interbedded
with thick-bedded to massive tuff breccia and thin- to thick-bedded (3
cm-10 m) pale-brown-weathering tuffaceous sandstone and siltstone.
Crystal-vitric tuff predominant, but lithic andesitic clasts are common.
Upper part includes some pumice and red scoria. Sparse beds of
calcareous siltstone. Clasts in breccia are andesitic and rarely as large as
10 cm across. Unit coarsens to the southwest. Thickness ranges from 800
to 1,100m

Lower thin-bedded tuffaceous sandstone and siltstone unit—Similar to Kfsu.
Coarse tuff beds are more common than in Kfsu, and probably thicker on
the average. In the southwest part of the Fajardo quadrangle thin-bedded
cherty siltstone is included in this unit. This cherty rock may be a result of
silicification owing to proximity to the Rio Blanco stock, southwest
beyond the border of the Fajardo quadrangle. Thickness ranges from
about 130 to 500 m

Lower thick-bedded tuff unit—Similar to Kftu. Tuff breccia and thin- to
thick-bedded tuffaceous sandstone and siltstone are more abundant than
coarse tuff, except in the middle part of the unit. Breccias are coarser than
in Kftu; unit is coarser grained to the southwest. About 1,600 m thick

Undivided Fajardo Formation (units Kftu, Kfsl, and Kftl). May be more than
3,000 m thick
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FIGUERA LAVA (LOWER CRETACEOQOUS, ALBIAN?)—Andesitic lava hav-
ing sparse intercalated beds of thin-bedded tuffaceous sandstone and
siltstone, thick-bedded hyaloclastic tuff, and massive volcaniclastic brec-
cia. Sparse small plagioclase phenocrysts commonly characteristic of the
lava are locally absent. Lava most commonly is massive, but pillow
structure also is common. Whether pillowed or massive, it commonly
shows platy jointing parallel to regional layering. In many outcrops smoky
quartz fills joints and is present as irregular blebs as large as 25 cm across.
The upper part of the lava is extensively epidotized in the valley of the Rio
Demajagua and west of Cerro Corozal near the southeastern margin of
the Fajardo quadrangle. At least 1,200 m thick

Note: Commonly used geologic symbols are printed on the map jacket; a separately printed list
is available on request from the U.S. Geological Survey.

EXPLANATION
Contact—Approximately located; dotted where concealed. Quaternary
contacts are largely gradational and are shown by a solid line by convention

Fault—Long dashed where approximately located; dotted where concealed;
queried where doubtful. U, upthrown side; D, downthrown side. Direction
of movement along wrench faults shown by arrows

Folds—Showing crestline or troughline and direction of plunge where known;
dotted where concealed

Anticline
Syncline
Strike and dip of beds—Dip value given where known
Inclined
Vertical
Overturned

Sinuous submarine channel interpreted as relict Rio Fajardo channel at lower
stillstand. Arrow indicates inferred direction of flow

Lineations along La Cordillera—Lines of submarine contrast plotted from
aerial photographs. Probably chiefly represent zones of relatively sparse
marine vegetation along crests of submerged eolianite ridges

Quarry
Gravel pit

Layering thickness, in centimeters, follow the scheme suggested by Ingram
(1954):

>100 ... Very thick
30t0100 ................ Thick
10803 oz o 0s 26 s eamen Medium
31010 ovv v w semnnns Thin
lto3 ................ Very thin
03tol ................ Thickly laminated
I T Thinly laminated
STRATIGRAPHY

CRETACEOQOUS SYSTEM

Cropping out in the Fajardo and Cayo Icacos quadrangles are, from oldest
to youngest, Cretaceous volcanic rocks of the Figuera Lava, Fajardo
Formation, Tabonuco Formation, and Hato Puerco Formation.

The Figuera, Fajardo, and Hato Puerco were described and named by
Meyerhoff and Smith (1931). The Figuera and Fajardo were redescribed by
Briggs (1973); Seiders (1971c) described and named the Tabonuco
Formation and redescribed the Hato Puerco Formation. The reader is referred
to these reports for greater detail than is supplied in the accompanying
description of these map units.

TERTIARY SYSTEM

No stratified rocks of Tertiary age crop out in the map area. However,
limestone of Miocene age is present at the surface in the Rio Grande
quadrangle immediately to the northwest (Pease and Briggs, 1972), and
similar limestone may be present at relatively shallow depths beneath the
Quaternary strata of the coastal plain at Punta La Bandera and elsewhere.
Limestone of Miocene age also crops out beneath the sea near the north edge
of the map and forms a shallow foundation beneath La Cordillera.

QUATERNARY SYSTEM

The chiefly northeast-striking submarine lineations along the La Cordillera
chain may reflect submerged eolianite dunes similar to those that crop out
subaerially. The configuration of the seaward slope north of La Cordillera
suggests that eolianite may be present at depths as great as 20 m below sea
level. The eolianite, therefore, probably was deposited at an appreciably lower
stand of the sea during the Pleistocene Epoch. The origin and nature of La
Cordillera are discussed in greater detail by Kaye (1959).

Terrace deposits in the Rio Fajardo valley also are of moderate antiquity, as
is evidenced by the post-depositional weathering of included fragments.
However, rock weathering is rapid under tropical conditions, so the terrace
deposits are not necessarily older than Holocene.

In the small bight approximately 200 m south of Punta Mata Redonda in the
south-central part of the map, coral fragments and shells are exposed at an
elevation approximately 2 m above present sea level. This marine-terrace
outcrop is correlated with the Holocene Lower Desecheo stillstand, the age of
which is estimated as approximately 3,300 years before the present (Seiders
and others, 1972, p. 21).

Most other Quaternary deposits shown on the map are believed in the range
of present marine or fluvial activity. Beach sands were analyzed by Guillou
and Glass (1957).

INTRUSIVE AND METAMORPHIC ROCKS
Plutonic rocks are present only in the extreme southwest of the report area,
where two stocks of quartz diorite are mapped. However, hypabyssal rocks of
two classes form numerous dikes and a few sills that trend chiefly west to
west-northwest across the northern part of the quadrangle.

Rio Blanco stock, located in the El Yunque quadrangle (Seiders, 1971b) to the
west. Plutonic rocks in the southwest comer of the Fajardo quadrangle are
tongues or apophyses of this stock.

STRUCTURE

The Fajardo and Cayo Icacos quadrangles lie north of the west- to
west-northwest-trending great northern Puerto Rico fault zone which has a
summary displacement of tens of kilometers in a left-lateral sense. However,
the west- and west-northwest-trending faults of the Fajardo-Cayo Icacos area,
like those in the Aguas Buenas (Pease, 1968), Gurabo (Seiders, 1971a), and
El Yunque (Seiders, 1971b) quadrangles, are chiefly right lateral in offset. The
best-demonstrated offset in the Fajardo quadrangle shows an approximately
1-km right-lateral displacement of an anticlinal axis just east of Casa Blanca in
the north-central part of the quadrangle. The same anticline probably is offset
about 3 km in the right-lateral sense along a parallel fault through the central
part of the quadrangle west of Mabi. Stratigraphic evidence suggests similar
movement along other faults. Doubtless there also is a significant dip-slip
component of movement on many faults; in most cases, this proved difficult to
establish. Dip-slip indicators on the map, therefore, chiefly reflect apparent
movement based on juxtaposition of stratigraphic units.

Northwest-dipping beds near the western edge of the Fajardo quadrangle
are part of a faulted regional homoclinal structure that extends irregularly
more than 25 km to the west, successively exposing younger strata (Pease,
1968; Seiders, 1971a, 1971c¢). In north-central and northeastemn parts of the
map, beds warped into two north-trending anticlines and an intervening
syncline. These folds apparently predate most faulting in the area, as they
have been dislocated extensively. Within the report area there is no evidence
of post-Cretaceous faulting; Tertiary strata elsewhere in Puerto Rico are
faulted (Briggs and Akers, 1965).

ECONOMIC GEOLOGY
METALS

Gold—Although gold has been reported from alluvium along the Rio
Fajardo, located in about the center of the Fajardo quadrangle, and along the
Rio Mameyes at the extreme west edge of the map, no gold was seen during
field mapping and analyses of previously reported finds are not available. It is
not known whether the alluvial deposits in these rivers have been adequately
tested in the past.

Copper—No copper occurrences are known to have been reported in the
map area. Copper minerals may, however, be present in the abundantly
pyritized country rock surrounding two quartz diorite stocks in the southwest
part of the Fajardo quadrangle. These stocks appear mineralogically like, and
may be genetically related to, the Rio Blanco stock west and southwest of the
map area (Seiders, 1971b). The contact zone of this stock is known to contain
copper-bearing minerals.

NONMETALS

Limestone and calcium carbonate sand—Eolianite of La Cordillera and
associated calcium carbonate sands comprise a large resource of almost pure
calcium carbonate. Reserves above sea level are only moderate, but the
morphology of La Cordillera suggests that reserves below sea level are large.
In the past the eolianite on Cayo Icacos was mined for agricultural lime, but the
operation was abandoned before 1966.

Sand and gravel—Large-scale removal of sand and gravel from the
floodplain of the Rio Fajardo was under way in 1967. At the same time,
moderately pure calcium carbonate sand was being mined from a pit on the
beach west of the mouth of the Quebrada Fajardo, west of Cabeza Chiquita. A
similar pit just east of the town of Luquillo was not in operation.

A double line trending east and north from near the mouth of the Rio
Fajardo through Rada Fajardo almost to Pasaje de San Juan marks a
submerged channel, here interpreted as the course of the Rio Fajardo at a
lower stand of the sea. The old channel is now drowned, and its northern
extension is partly covered by eolianite of La Cordillera. If this interpretation is
correct, the general vicinity of the channel is a potential source of sand and
gravel that may lie under a thin cover of sandy lime mud.

Crushed stone—No crushed-stone quarries were operating in the
Fajardo-Cayo lcacos area in 1967. Suitable rocks, however, are readily
available for use as crushed aggregate and for base and surface courses. The
major part of the Hato Puerco Formation and the Figuera Lava probably are
suitable for these purposes, and zones within the upper and lower
thick-bedded tuff units of the Fajardo and the Tabonuco Formations also may
be suitable. Rocks in other parts of the Fajardo Formation, however, probably
would be too blocky as quarried or would crush to sharp fragments with poor
packing characteristics.

Tests for aggregate reactivity should be carried out before any of the
suggested rocks are quarried for concrete aggregate.

Rip-rap—The units referred to as suitable for crushed stone also are
potential sources of large blocks for use as rip-rap.

Decorative stone—Locally within the thin-bedded tuffaceous sandstone
and siltstone members of the Fajardo Formation are zones containing
less-jointed rock that bears considerable resemblance to rock of the Rio
Piedras Siltstone (Pease, 1968), a unit in the San Juan metropolitan area
which for some years has been used as a source of facing stone; there appears
to be no reason why rocks from selected zones within the lower and upper
thin-bedded units of the Fajardo Formation could not be used similarly.

Cement additives—Southwest of San Juan, moderately weathered Rio
Piedras Siltstone is quarried as clayey additive for the production of cement.
Although we have no analyses to make detailed comparisons, the Rio Piedras
and the Fajardo are similar in appearance, and according to the soil survey of
Puerto Rico (Roberts and others, 1942), the same varieties of soil are
developed on the two formations. Broad areas of moderately weathered
Fajardo Formation may then constitute large resources of material useful to
the cement industry.

Clay—Common clay, that is, ferruginous kaolinitic clay, is available within
the mapped area, chiefly in the southwestern part of the Fajardo quadrangle
at elevations greater than 300 m. Such clay, widespread in Puerto Rico, can be
used in kilns to manufacture common brick.

Fill—Slightly to moderately weathered rock suitable for use as fill, but
probably too clayey for adequate use as base course, is widespread through-
out the report area. In 1967, a small quarry in the Tabonuco Formation near
the intersection of the new and the old Puerto Rico Route 3, west of Fajardo,
was producing fill.

Eolianite and sand have been used for fill on Cayo Lobos.

Ground Water—Despite the considerable thickness of alluvium in the valley
of the Rio Fajardo, the outlook for development of appreciable potable
ground-water resources in the Fajardo area is not encouraging. Wells drilled
near the sea have drawn brackish or salty water, and elsewhere the vield has
been small (Bogart and others, 1964, p. 60; Ward and Truxes, 1964).

In the course of the investigations of the islands in the Cayo Icacos
quadrangle, D. G. Jordan of the U.S. Geological Survey found no evidence of
perennial fresh-water lenses. He concluded that fresh-water lenses on the
islands might occur only as ephemeral features following periods of heavy
rain.
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